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@ Process for the preparation of soluble coffee.

@ This invention is designed to prevent the loss of
desirable flavor and aroma volatiles during processing of an
aqueous coffee extract obtained from roasted and ground
coffee. The overall process of preparing soluble coffee by
spray drying a concentrated aqueous extract is improved by
the entrainment and solubilization of highly volatile coffee
flavor and aroma compounds in the extract prior to spray
drying.
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DESCRIPTION
PROCESS FOR THE PREPARATION OF SOLUBLE COFFEE

TECHNICAL FIELD

This invention relates to a process for the
preparation of soluble coffee by spray drying a
concentrated aqueous coffee extract obtained from
roasted and ground coffee.

Work done by Huste et al., U.S. Patent
No. 3,345,182, indicates that volatile retention
across spray drying is improved with higher solids
concentration of aqueous coffee extract. However,
since it is economical to operate the percolators at
high drawoff factors giving high yields, a low
concentration extract is produced. Therefore, a
more effective method of concentrating extract is

desirable. However, capturing and retaining volatile
coffee flavor and aroma compounds is also essential.
Shrimpton, U.S. Patent No. 4,107,339 discloses
a process in which a small percent evaporation is
followed by a bulk evaporation to produce a high
concentration extract. The condensate from the
first evaporation is then added back to the
concentrate and subsequently is spray dried.
If one assumes that all flavor compounds are
important, then the process as disclosed in the
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aforementioned Shrimpton, U.S. Patent No. 4,107,339
would appear to have two areas that need improvement.
The first area is the small percent evaporation. A

. larger percent evaporation could remove heavier

volatiles, however the increased water load would
dilute the product. Therefore, a means to separate
and concentrate the volatiles before addback such
as, for example, a distillation column is needed.
The second area is a means of capturing the highly
volatile compounds that are normally lost even
during optimized operating conditions of a condenser
is needed.

This invention relates to the second area and
to a process for capturing and retaining non-condensable
volatile coffee flavor and aroma compounds by entraining
and dissolving the compounds in concentrated coffee
extract. By concentrated coffee extract is meant an
e€xtract having a solids concentration of about 35 to
60%, preferably about 40 to 45%. As a processing
step, the entrainment and solubilization of the
non-condensable compounds allows for incorporation
of desirable coffee flavor and aroma compounds from
a venting gaseous stream, which are normally lost,
into a product stream of coffee extract. These
desirable flavor and aroma volatiles can then be
retained through further processing to the finished
soluble coffee product obtained by spray drying the
concentrated extract. The gaseous aroma stream can
be from any source of volatile aromas, e.g., the
vent from a condenser, percolator vent, grinder,
etc. Preferably, the volatile aromas are the non-
condensed flavor and aroma compounds from a condenser.
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The invention is based on the finding that
highly volatile non-condensable flavor and aroma
compounds may be incorporated directly into an
extract just prior to spray drying.

This invention is thus designed to prevent the
loss of desirable flavor and aroma volatiles during
processing. In particular, in processes such as,
for example, that of the aforementioned Shrimpton
U.s. Patent No. 4,107,339, it solves the problem of
flavor losses during extract evaporation due to
incomplete condensation of highly volatile flavor
and aroma compounds in the aroma condenser. It can
also be used to solve the problem of losses due to
poor condensation of volatile steam aromas in processes
such as steam stripping of roast and ground coffee,
and for collection of grinder gas aromas.

An advantage of this invention is that it
involves the use of relatively'low—cost equipment
whereas previous equipment for gaseous aroma
collectors were high-cost items such as liquid
nitrogen condensers or brine-cooled wiped film
vapor-liquid contactors such as a Votator. [A
further advantage of this invention is its
multiplicity of uses in processes where it is
desirable to capture non-condensable gaseous flavor
and aroma compounds for retention through to the
finished product.] Although this invention is
related to that disclosed and claimed in Hawes et
al. application Serial no. 247,663, filed March 26,
1981, owned by the assignee of this application, this
invention has the further advantage of supplementing
or replacing the absorption column.
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DISCLOSURE OF THE INVENTION

A process for the preparation of soluble coffee
by spray drying a concentrated aqueous coffee extract
obtained from roasted and ground coffee has now been
discovered which results in capturing and retaining
volatile coffee flavor and aroma compounds. The

improvements in the process comprise the following
steps:

(a) an aqueous coffee extract is evaporated in
an initial evaporation step (4 to 10%);

(b) the vapors from step (a) are passed through
a chilled water condenser operating between 7° and
13°C (45° and 55°F);

(c) the extract from step (a), having passed
through an initial evaporation step, is concentrated
in a bulk evaporation step to a high concentration
(55% solids);

(d) the vapors which were condensed in step
(b) are added back to the concentrated extract from
step (c);

(e) the vapors which were not condensed in
step (b), are pumped through a cooler to prevent
aroma degradation, and then directly to an entraining
means in the spray dryer extract feed line. The
cooler removes the heat generated during vapor
compression;

(f) the combined vapor condensate and extract
from step (d) are passed through the point where the
non-condensed aromas from step (e) are added via the
entraining means;

(g) the combined condensate, extract and

non-condensed aroma stream is then immediately spray
dried.
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By "entraining means" is meant a device such as
a venturi, jet orifice or the like, that allows for
direct injection of non-condensables into a spray
drier feed.

The evaporative concentration of step (a) may
be carried out in a single effect evaporator such as
a Centritherm or a multiple effect evaporator.

The solids concentration of the combined extract
strippings and extracts of step (g) fed to the spray
dryer is about 35% to 60%, preferably 40% to 45%.

BEST MODE FOR CARRYING OUT THE INVENTION

This invention thus involves recovery of non-
condensable volatiles, that is, volatiles in the
gaseous stage not recovered by a condenser and their
direct incorpration into a spray drier feed stream.
To accomplish this, a venturi is incorporated in the
feed pipe of a spray drier follbwed, if necessary,
by a static mixer. Even in a pressure bearing pipe
a venturi will create a localized negative pressure
which will draw in the non-condensable gases and the
subsequent re-application of pressure via a booster
pump will dissolve these non-condensable gases.
Then, following art-recognized current advanced
spray drying techniques, a large portion of these
volatiles will be retained across drying into the
final product.

Other non-condensable volatile recovery schemes
involve either lower temperatures or more Sophisticated
equipment. While other schemes can be devised to
recover a portion of the non-condensable volatile
stream, the process and the present invention will
return substéntially all of the non-condensable
aromas to the extract stream just prior to drying.
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The process has a number of additional advantages.
Firstly, it avoids having to cryogenically condense
desirable flavor and aroma compounds. Secondly, the
overall process is free of variations in aroma
addback levels due to the direct entrainment, which
insures balanced rates of aroma generation during
evaporation and recovery just prior to spray drying.
Thirdly, damage to the desirable flavor and aroma
compounds of these non-condensables does not occur
due to the fact the volatiles are incorporated at
low preséure and low temperature. '

The system is designed to process extract at 35
to 60%, preferably 40 to 45%, solids concentration
at rates adapted for continuous, steady state operation.
The extract feed rate is controlled by a Vari-drive
gear pump.

The venturi or jet orifice design is unique to
the process of this application and the design
procedure involves the selection of suitable venturi
or orifice diameters to induce a negative pressure
at the vena contracta for a given set of flow and
extract conditions. Typical diameters used range
from 2.38mm to 7.2mm at rates of 2 to 50 liters per
minute.

The source of non-condensable aromas is a
volatile stream in the gaseous stage not recovered
by a chilled water condenser. Evaporative strips of
4 to 10% are passed through the condenser, with the
resulting non-condensable aromas pumped directly to
the venturi injection point in the spray dried feed
line. The rate of coffee solids flowing through the

evaporator is identical to the rate passing through
the venturi.
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The small evaporation and spray drying steps
are integrated in such a way to produce a closed
non-condensable aroma generation/addback loop.

Thus, the overall process, i.e., small evaporation,
bulk evaporation, condensed aroma addback, non-
condensed aroma addback, and spray drying steps, are
all operated continuously and at steady state.

It is essential that the aromas be added before
a booster pump positioned in the extract feed line
and the Gaulin high pressure pump, also in the line,
has a required net positive suction head of 2.5 kg/cm2
(35 psi).

To supply the Gaulin high pressure pump with
its required net positive suction head, a positive
displacement pump is placed after the jet orifice.

A pressure relief line is incorporated after the
positive displacement pump to prevent extract from
backing up through the feed line due to unmatched
rates during startup or other mechanical malfunctions.

No other changes are made to the normal spray
dryer flow system.

The direct injection system has been operated
for extended periods. The spray dried powders have
been analyzed and have had the following characteristic
physical properties: density 0.2 g/cc, moisture
3.7%, and color units 47.

Taste evaluations of variants produced using the
direct injection system have been conducted. These
organoleptic tests have show the samples with non-
condensable aromas added to be smoother, more rounded,

and balanced than their control samples made without
non~condensable aromas added.
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The overall process involves an initial evapo-
ration step, carried out in a single effect evaporator,
followed by a bulk evaporation. The condensate
stream from the single effect evaporator is added to
the concentrated extract after the bulk evaporation
step. The stream of volatile aromas not condensed
in the single effect evaporator condenser is recovered
by entrainment and solubilization in concentrated
extract having a solids content of 35 to 60% and a
temperature of about 10° to 15°C. The volatile
streams, both condensables and non-condensables, are
thus combined with the concentrated extract stream
before spray drying. _

Approximately 4 to 10% of the extract feed to
the single effect evaporator may be evaporated. A
chilled water condenser is used to condense the
volatile aromas stripped from the extract feed. A
sealed unit pump such as a diaphragm pump, is used
to compress the non-condensed aroma stream, mostly
carbon dioxide, from low pressure (250 to 600mm Hg
absolute) to atmospheric pressure prior to addition
at venturi. A more efficient evaporator, such as a

- multiple effect, can be used to perform the bulk of

the evaporation.

Spray drying of the extract containing both the
condensables and non-condensables is performed using
high concentration extract (for example, 43% solids),
high spray nozzle pressure (70.5 kg/cmz, 1000 psig)
and low temperature drying conditions (205°C in,
105°C out; 400°F in, 220°F out).

Flavor comments on the spray dried products
produced in accordance with this invention have been

described as being more well rounded, more balanced
and smoother.
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The following Example is given by way of illustration
and not limitation. All percents are weight percents.

EXAMPLE

(a) A roasted coffee extract (15% solids) from
a percolator scale tank is evaporated under vacuum
(250 to 600mm Hg, absolute) in a single stage evaporator
to 16% solids concentration.

(b) The vapors are condensed in a condenser
operated at 7° to 13°C (45° to 55°F).

(c) The stripped coffee extract (16% solids)
from step (a) is concentrated in a bulk evaporation
step to 55% solids concentration.

(d) The condensed aromas from step (b) are
added back to the concentrated extract from step
(c).

(e) The non-condensed gaseous aromas are then
pumped directly to a venturi injection point in
the spray drier feed line. The combined condensate
and extract are passed through the venturi where
the non-condensed gaseous aromas are added.

(f) The combined condensate, extract and
non-condensed aromas stream are then immediately
spray dried at 56.4 to 70.5 kg/cm2 (800 to 1000 psi)
and at temperatures of 205°C inlet, 105°C outlet
(400°F inlet, 220°F outlet).

Taste comparisons showed the product to
contain signifiéantly higher levels of coffee flavor
notes predominantly described as more well rounded,
more balanced and smoother. Gas chromatograms
further showed that essentially all the gaseous
aromas not condensed in the single effect evaporator
condenser were returned to the extract prior to
spray drying and 50% retained across spray drying.
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CLAIMS

1. A process for the preparation of soluble coffee by spray
drying a concentrated aqueous coffee extract obtained from roasted and
ground coffee, characterised by:

(a) evaporating an aqueous coffee extract in an

initial evaporation step;

(b) condensing the vapors from the initial

evaporation step in a chilled water condenser;

(c) concentrating the extract from step (a) in

a bulk evaporation step;

(d) adding back the condensed vapors from step

(b) to the concentrated extract from step (c);

(e) passing gaseous non-condensed flavor and

aroma compounds of step (b) through an entraining

means to the combined extract and condensed vapors

of step (d) and;

(f) spray drying the extract, condensed vapors,

and flavor and aroma compounds of step (e).

2. A process as in Claim 1 in which the extract of step (d)
is maintained at a pressure of 2.8 to 7.0 kg/cm2 (40 to 100 psig), a
temperature of 10° to 15°C and a concentration of 35 to 60% solids

when passed to the entraining means.

3. A process as in Claim 1 or Claim 2 in which said

entraining means is a venturi.

4, A process according to any one of claims 1 to 3 in which
the initial evaporation step (a) is carried out in a single effect

evaporator to evaporate 4 to 107 of the extract.

5. A process according to any one of claims 1 to 4 in which
the rate of coffee solids passing through steps (a), (¢), (d), (e) and
(f) is equal with the rate of coffee solids passing through step (a)

being the rate determining step.
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6. A process according to any one of claims 1 to 5 in

which all processing steps are coordinated and integrated so as to

maintain a continuocus and steady state operationm.
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